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論　文　内　容　要　旨
The JSR is a radio wave emittedfromthe relativistic electrons inthe Jovianradiation belt at afrequency
range between about several tens MHz and 22 GHz, which hasinformation of dynamics of highenergy par-
ticlesand electromagnetic disturbances inthe Jovianinner magnetosphere･ A steady observation of the JSR
has been started at afrequency of 2295 MHz since 1971･ Fromthis observation, It had been recognizedthat
the JSR nux varies withtime scale of morethan 10 years･ However, recently, several research groups have
conBmed existence of the variations with the time scales of days to weeks. Now,the existence of the JSR
flux short-termvariation is definitive. The observations of the JSRflux at highkequencies, such as 1.5 and
2.3･ GHz, have been made with bothlong and short-term･ Onthe other hand,the JSRflux observation at
lower丘equencies have not been generally made except in some campalgnS Such asthe SL9 impacts to Jupi-
ter. This is mainly becausethe intensityof galactic background radiation is dozens of times higherthan that
of the JSR at low &equencies, andthe evaluation of the background confusion is not easy･Asa result･ varia-
tion characteristics at highfrequencics have been cleared to some extent by many observations particularly at
1.5 and 2.3 GHz, butthe variation characteristics at low &equencies below I GHz have been littleknownyet･
Inthisthesis, we focus on low Bequency characteristics of the JSR･Anobservation of the JSR gives infor-
mation on the electronflux variation atthe energy corresponding tothe丘equency･ Therefore,the lack of the
JSR observations at low丘equencies has obstructed ourunderstanding on the dynamics and energetic of rela-
tivistic particles inthe Jovian radiation belt･ We therefore purpose to elucidate characteristics of the JSRflux
variation at afrequency of 327 MHz and reveal unknown dynamics of several MeV electrons･
The regular observations of the JSR have been made at a frequency of 327MHz since 1994 by uslng para-
bolic cylinder antennas attheKiso and Fuji observation sites of the Solar Terrestrial Environment Laboratory
(STEL), Nagoya University. These systems have some instrumental advantages for the observation of the JSR;
i.e., highsensitivityand narrow beamwidth. However, the observed JSRflux includes apparent variation due
to inevitable system galn and receiver temperature variations of the radio recelVlng SyStem･ Onthe JSR nux
observations usingthe STEL systems at 327MHz, we have taken account of the followlngS tO derivethe JSR
nux as accurate as possible:
I)elimination of large galactic background noise (BG) and 2)evaluation forthe variations of system gain and
temperature･ concernlng the first term, we have made two step observations to derivethe JSRflux; atthe
fmt step we observed Jupiter, and atthe next step we observed the same celestialposition again after Jupi-
ter's movement･ By subtraction of the both observation data, we could derive the only JSRflux･ Concemlng
the second term, we have made quasi-simultaneous observations for Jupiter and a reference calibration source
usingthe fast beam switching function of the STEL systems･ Byuslngthe two data sets for Jupiterand the
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reference calibration source･ we could eliminate effect of system temperature variation and evaluate system
galn Variation･ The observation uslngthe STEL system glVeSthe JSRflux as a relative value
tothe nux of a reference calibration source. In order to derive absolute nux of JSR, we have estimated ab-
soluteflux of the reference calibration source usingthe IPRT, Tohoku Universitywhich enables to derive ab-
solute radio nux withthe self-calibration-function forthe system galn and temperature･ Thus, we could derive
absolute JSRflux successfully.
Fromthisanalysis, we canobtain characteristics of short-termand long-ten JSR nux variations. Characteris-
tics of the short-ten variationsandtheir expected causalitiesare surrmarized as follows.
･ The JSRflux shows largeamplitude variations of 2 - 9 Jy typically包nd varies 2 - 3 Jy within a few
days:I
'These amplitude variations are much largerthanthose at 2295MHz forthe same observation terms. This
difference of JSRflux variations between highand low frequencies can't be explained bythe simple radial
di凪ISion process･ To explainthe difference, it may be needed to consider other acceleration mechanismsthat
have energy dependence of relativistic electron.
'It has been suggested thatthe JSR short-term flux variation is related to solar Flo.7flux at 2295 MHz.
However, it seemsthat the relation betweenthe JSRflux and solar Flo.7flux variations isnlt obvious at
327MHz particularly at low F10･7flux, andthis isthe same for solarwind variationsI This result suggests
that some causalities otherthan solar / solar wind variations generatethe largeand rapid flux variations of
several MeV electrons radiating血e JSR at 327MHz.
'Aneventwithrapidandunusual enhancements of JSRflux intensitywas confined on July 15, 1998
(JST). The flux was about 9 times larger thanuSualJSRflux valuesandthe duration was lessthan2 days.
A conceivable cause of this enhancement is a local particle acceleration / dissipation occurred only inthe in-
nemost part of the radiation belts･ Thoughsuch processes have not been conf1rmed yet, an investigation of
expected localized variable radiation reglOnS might be one ofthefuture observation targets･
The characteristics of long-ten variations arealso derived for 1994 I 2005･ The characteristics of the long-
termvariations and their expected causalitiesare summarized as follows.
'Yearly averagefluxes roughly show a decreaslng trend from 1994 to 1998and anincreaslng trend丘om
1999 to 2004. The JSRflux observations at 2295 MHz for 1994 I 2001also indicated similartrends tothose
at 327 MHz･ A simple correlationanalysis betweenthe JSRfluxand solar F1017 / solar wind parameters in-
fersthatthe both factors influence onthe JSR flux variations at least when either factor is intense enough
to causethe variations.
'There was one clear difference inthe long-term trend for 1994 - 1998 betweenthe observation results at
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327　MHzand 2295　MHz:the　flux of 327 MHz increased whiletheflux of 2295　MHz decreased in 1996.
One possible explanation of the difference is as follows. The variation features at lowand high frequencies
inferthat some enhanced particle accelerations affecting for relativistic electrons with a wide energy range
might occur betweenthe 1995and 1996 Observation periods, andthe difference might be caused bythe en-
ergy dependent loss process, such asthe sy耽hrotron radiation lossI
Inthis study, We indicated possibilities of existence of an acceleration mechanism which depends onthe en-
ergy of relativistic electronsand a loss mechanism which causesthe rapid JSRflux decrease within a few
days. To conflrmthe existence of this acceleration mechanism, we need to observethe JSRflux spectrum be-
cause differencethefrequency of JSRflux reflcctsthe difference of contributed electron energy. Moreover,
to 'confirmthe existencethis loss mechanism, a steady observation withthe dme resolution of within 1 day
at a wide frequency range is needed. We expect future progress of study of the Jovianradiation belt bythese
observations and model simulations.
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論文審査の結果の要旨
巨大惑星木星には､惑星表面から大凡数惑星半径迄の領域に､数MeV～数10MeVの高いエネルギーを
持っ粒子が数多く存在する放射線帯が存在する｡地球にも放射線帯が存在するが､木星のそれは粒子フラッ
クスで3桁以上も大きく､探査機に対するダメージが甚大であるが故に直接探査さえ困難な巨大で高エネ
ルギー粒子に満ちた空間となっている｡高エネルギー粒子は木星の強い磁場に捕捉され旋回運動を行うが､
その際にシンクロトロン放射を伴う｡このシンクロトロン放射(JSR)が木星放射線帯を探る貴重なプロー
ブとなっている｡ JSRは数10MHz～数GHzを特性周波数域とする非熟的電波放射であり､ 1950年代にそ
の存在が同定されて以来､ 50年余に及ぶ観測が為されてきた｡しかし､電波強度が5Jy程度と微弱なため
大型の観測装置が必要であること､また､低周波数側ではJSRに比較し強い銀河背景放射(BG)が存在
するために観測が容易でないことから､数100MHz帯のJSRは十分な観測が為されてこなかった｡ JSR
の周波数は近似的にJSRを放射する粒子のエネルギーに対応するが､数100MHz帯のJSRは主に数MeV
の粒子から放射され､数GHz帯のJSRに較べより低エネルギーの粒子情報を持っ｡このエネルギー帯の
粒子は低エネルギーの磁気圏プラズマがどのようにエネルギーを得て放射線帯粒子に加速されていくのか､
そのダイナミカルな過程を解明する上で重要な情報を担っている｡
本博士論文は､この低エネルギー放射線帯粒子の変動特性の観測的解明を目指した研究であり､約
5MeVの放射線帯粒子から放射される327MHzのJSRに適した観測法を考案し､定常的な観測を行うとと
もに､十分な精度でBGを見積りJSRのみを導出し定量化する解析法を確立した｡更に､約12年の観測
データから-太陽周期に渡るJSRの年オーダーの長期変動特性及び日オーダーの短期変動特性を導出し､
先例のない､低エネルギー放射線帯粒子の長期･短期ダイナミクスを明らかにした｡
本論文では､先ず､研究室で1994年以来実施されてきた名古屋大学の高感度アンテナ装置を用いた
327MHzでのJSR観測法･解析法の改良を行った｡従来は､先ず木星方向を観測し､更に､木星がその観
測方向から移動した後にBGを観測し､これを最初の観測結果から差し引くことでJSR強度を推定して
いた｡しかし､この方法では同装置特有の機器的な利得変動等が不確定要素となり､大きな強度誤差が生
じていた｡このため本論文では､ BG観測もJSR観測同様に､或る強度校正天体とともに準同時観測を行
い､この強度校正天体を基準としてBGを定量的に導出する手法を考案し観測を実施した｡更に､この強
度較正天体の絶対強度を東北大学の惑星専用電波望遠鏡(IPRT)を用いて定量化し､結果としてJSR強
度をト2Jyの精度で決定することに成功した｡
本論文ではこの新たに考案した方法で1994年～2005年のJSR強度導出に成功し､数GHz帯のJSRに
対し､より振幅の大きい2-9Jyで変動する327MHz帯のJSRの様相を明らかにした｡長期変動につい
ては､従来､数GHz帯のJSRでは太陽風動圧との強い関連が指摘されていたが､ 327MHzでは太陽風動
圧に加え太陽紫外線強度に対しても関連があること､但し､それらが大きい時期にのみ関連が現れること
を示した.一方､短期変動については､数日で2-3Jyの増減を示すこと､また､数GHz帯では短期変動
の原因として提唱されていた太陽紫外線強度との関連については､その強度が大きい時期にのみ関連があ
ることを示した｡これらの結果に基づき､従来､高エネルギー粒子に対し考えられてきた､太陽活動によ
り駆動される放射線帯粒子の動径拡散変動のみでは低エネルギー粒子の変動は説明出来ないことも明らか
にし､太陽活動等による外部駆動ではない､木星内部磁気圏自身が駆動原因となる放射線帯粒子ダイナミ
クスの存在の可能性を新たに示した｡
本論文ではまた､全観測期間に1度だけ､ JSR強度が1日以内で通常の9倍程度に増加し減少する特異
現象が発生したことを同定し､木星にごく近い放射線帯領域において極めて大きな粒子加速と粒子消失が
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発生した可能性も示した｡本博士論文では､以上､突発的な増減現象まで含めて327MHzのJSRの長期･
短期時間変動特性を解明し､低エネルギー放射線帯粒子のダイナミクスに関する観測的研究の目的を達成
するに到った｡
本博士論文の主たる成果は､これまで国内外の学会･研究会及び研究会集録等での公表､また､学術誌
投稿用に纏めつつある等の実績を有している｡これは著者が自立して研究活動を行うに必要な高度の研究
能力と学識を有することを示している｡従って野村詩穂提出の博士論文は､博士(理学)の学位論文とし
て合格と認める｡
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